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(54) Cationic electrodeposition coating composition 



(57) It Is an object of the present invention to provide 
a cationic electrodeposition coating composition wiilch 
is free of toxic rust-preventive pigments such as lead 
compounds and capable of giving coating films having 
high resistance to comosion and rusting, even when ap- 
plied to a substrate surface whksh is only insuffteiently 
subjected, to a chemical conversion treatment 

The present invention provides a cationic elec- 
trodeposition coating composition which comprises a 



rust inhibitor comprising at least one compound select- 
ed from the group consisting of compounds containing 
any of elemental metals belonging to the period 4, 5 or 
6 of group 3 of the periodic table and a sulfonium- and 
propargyl group-containing resin composition. 

For. example, the content of said rust inhibitor Is 
0.03 to 10 weight parts in temis of the elemental metal 
in the rust inhibitor based on 1 00 weight parts of the solid 
resins in the resin composition. 
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Description ^ 

FILED OF THE INVENTION 

5 [0001] The present invention relates to a cationic electrodeposition coating composition and more particularly to a 
lead-free cationic electrodeposition coating composition which can be applied to a substrate which has not been sub- 
jected to a chemical conversion treatment or any local area of a substrate that has not been sufficiently so pretreated 
to impart a high resistance to conroslon and rusting. 

10 PRIOR ART 

[0002] Electrodeposition coating compositions are excellent in rust preventing effect, corrosion resistance and throw- 
ing power and can form uniform coatings and, therefore, are widely used on metallic shaped articles, especially as 
primers for automotive bodies and parts. From the standpoint of corrosion resistance and rust prevention. In particular, 
is cationic electrodeposition coating compositions have now been in use almost universally. 

[0003] In cationic electrodeposition coating compositions, rust Inhibitor pigments, such as lead compounds, for ex- 
ample basic lead silicate, have been used to attain high corrosion and rusting resistance. In recent years, however, 
the use of lead compounds has been restricted because of their toxicity which causes an environmental pollution 
problem, among others. 

20 [0004] As mst inhibitor pigments other than lead compounds, such pigments as phosphate, molybdate and borate 
pigments, among others, have heretofore been evaluated. These, however, have a drawback; they are inferior In rust 
preventing effect when compared with lead compounds. As for other proposals, Japanese Kokal Publication Hei- 
02-279773 discloses the use of Iron oxide, Japanese Kokai Publication Hei-04-325572 discloses the use of copper, 
nickel, zinc, cobalt, chromium, aluminum, manganese, zirconium, tin or iron, Japanese Kokai Publteatlon Hel- 

25 05-140487 discloses the use of bismuth hydroxlde^in, cerium hydroxide/tin or nickel hydroxide/tin, Japanese Kokai 
Publication Hei-05-2393a6 discloses the use of tantanum compounds, Japanese Kokai Pubitoatlon IHei-05-247385 
discloses the use of bismuth compounds/tin and, further, Japanese Kokai Publication l-lel-06-220371 discloses the 
use of tungsten compounds. In all these cases, however, the anticorrosive and rust-preventing effects have been found 
inadequate. 

30 [0005] Moreover in order to achieve high corrosion resistance and rust inhibition by the application of a cationfe 
electrodeposition coating, the metal substrate must be subjected to a chemical conversion treatment, using zinc phos- 
phate, for Instance, in advance. However, when the metal substrate has a "bag^-like recessed structure, an effective 
chemical conversion film may not be formed in the recessed area so that no sufficient conroslon resistance or rust 
inhbition is obtain ed at times. 

35 

SUMMARY OF THE INVENTION 

[0006] It is an object of the present Invention to provide a cationic electrodeposition coaling composition which is 
free of toxb rust-preventive pigments such as lead compounds and capable of giving coating films having high resist- 
40 ance to corrosion and rusting, even when applied to a substrate surface which has not been subjected, or only insuf- 
ficiently subjected, to a chemfcal conversion treatnrient. 

[0007] The present invention provides a catlonc electrodeposition coating composition 

which comprises a rust inhibitor comprising at least one compound selected from the group consisting of com- 
pounds containing any of elemental metals belonging to the period 4, 5 or 6 of group 3 of the periodic table and a 
45 sulfonlum- and propargyl group-containing resin composition. 

[0008] It Is prefen'ed that the content of said rust Inhibitor is 0.03 to 1 0 weight parts in temns of the elemental metal 
In the rust Inhibitor based on 100 weight parts of the solid resins in the resin composition. 

[OO09] it is also preferred that the resin composition has a sulfonlum group content of 5 to 400 miilimoles and a 
propargyl group content of 1 0 to 495 miilimoles per 1 00 grams of the solid resins In the resin composition, and the sum 

50 total of the sulfonium and propargyl group contents is not more than 500 miilimoles per 1 00 grams of the solid resins 
in the resin composition, and still more preferred that the resin composition has a sulfonium group content of 5 to 250 
miilimoles and a propargyl group content of 20 to 395 miilimoles per 100 grams of the solid resins in the resin compo- 
sition, and the sum total of the sulfonium and propargyl group contents is not more than 400 miilimoles per 100 grams 
of the solid resins in the resin composition. 

55 [0010] The resin composition comprises an epoxy resin as a skeleton thereof 

and said epoxy resin is preferably a novolak cresol type epoxy resin or novolak phenol type epoxy resin and has 
a number average molecular weight of 700 to 5,000. 
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DETAILED DESCRIPTION OF THE INVENTION 



[001 11 The cation Ic electrodeposltio n coating composition of the present Invention contains a rust Inhtoltor comprising 
at least one compound selected from the group consisting of compounds containing any of elemental metals belonging 
to the period4. 5 or 8 of group 3 of the periodk: table and a sulfonlum-and propargyl group-containing resin composition. 
[001 2] The rust inhibitor In the catlonic electrodeposition coating composition Is at least one compound selected from 
the group consisting of compounds containing any of the elemental metals belonging to the period 4, 5 or 6 of group 
3 of the periodic table. As specific examples of such elemental metals, there can be mentioned scandium, yttrium and 
lanthanold elements. Promethlum, however, is a radioacth/e element and can hardly be obtained from commercial 
sources. Therefore, this element Is unsulted for ail practical purposes. 

[0013J As examples of the compounds containing such elements, there can be mentioned organic or Inorganic com- 
pounds containing, as one constituent, an yttrium compound, a cerium compound, a praseodymium compound a 
neodymlum compound, samarium compound, europium compound, gadolinium compound, lerijium compound dys- 
prosium compound, holmlum compound, erbium compound, thulium compound, ytterbium compound or lutetlum'com- 
pound. More specifically, there can be mentioned salts with organic acids, such as yttrium formate, cerium acetate 
neodymlum acetate, europium acetate, tertjium acetate, hoimlum acetate, erbium acetate, ytteri&lum acetate, samarium 
lactate, neodymlum lactate, cerium lactate, samarium oxalate, etc. and salts with Inorganic acids or inorganic com- 
pounds, such as yttrium nitrate, yttrium tungstate, praseodymium molybdate. yttrium amidosulfate, neodymlum ami- 
dosulfate, samarium amidosulfate, neodymlum oxide, samarium hydroxide and so on. 

[0014] The rust inhibitor mentioned above may be water-soluble or more or less water-insoluble but one having a 
solubility of not less than 1 g/dm3 in water is prefenred because a high degree of corrosion resistance can be attained 
at a low concentration. As such rust Inhibitors, among the compounds mentioned above, there can be mentioned 
cenum acetate, neodymlum acetate, yttrium amidosulfate, neodymlum amidosulfate and samarium amidosulfate 
[00151 The content of the above rust inhibitor In the catlonic electrodeposition coating composition of the present 
Im/ention is preferably 0.03 to 1 0 weight parts, more preferably 0.05 to 8 weight parts, in terms of the elemental metal 
In the rust Inhibitor based on 100 weight parts of the solid resins in the resin composition. When the content of said 
rust inhibitor is less than 0.03 weight parts in tem^ of the elemental metal In the rust inhibitor, the coatings obtained 
will be insufficient In corrosion resistance and rust preventing effect. When it is in excess of 10 weight parts, the physical 
properties of the coating films obtained will possibly be reduced. 

[00161 The resin composition in the cationic electrodeposition coating composition of the present Invention contains 
asulfonium group and a propargyl group. The temi "resin composition" as used herein means a composition comprised 
■ exclusively of a resin having both sulfonium and propargyl groups per molecule or a composition containing both a 
sulfonium group-containing resin and a propargyl group-containlng resin. In the latter case, the resin composition as 
a whole has the two Icinds of curing functional groups. Thus, the resin composition may be a sulfonium- and propargyl 
group-containing resin or a mixture of a sulfonium group-containing resin and a propargyl groupncontaining resin or 
a mixture of all of these . The resin conriposition in the cationic electrodeposition coating composition of the present 
Invention has sulfonium and propargyl groups In the above sense. 

[00171 The sulfonium group mentioned above is a hydratable functional group in the resin composition When a 
voltage or current not lower than a certain level is applied in the process of electrodeposition coating, the sulfonium 
group is irreversibly converted to a passive state as the result of its electrolytic reduction on the electrode hence loss 
of Its lonicity. This is supposedly the reason why the catlonic electrodeposition coating composition of the present 
invention can show high throwing power. 

[00181 It is also presumable that. In this process of electrodeposition coating, an electrode reaction is induced to 
form a hydroxide ion and the sulfonium ion hold this hydroxide ion to fomi an electrolytically generated base in the 
electrodeposlted coat 

[00191 The sulfonium group content In the above resin composition in the catlonic electrodeposition coating compo- 
sition of the present invention is 5 to 400 millimoles per 100 grams of the solid resins In said resin composition on 
condition that the requirement relative to the total content of sulfonium and propargyl groups, which Is to be mentioned 
later herein, is satisfied. When it is less than 5 millimoles per 100 grams, no sufficient throwing power or curability 
cannot be attained and the hydratability and bath stability will be poor. If It Is in excess of 400 millimoles per 1 00 grams 
the coating deposition on the substrate surface becomes poor. Said sulfonium group content can be selected within a 
more preferred range, which depends on the resin skeleton employed, in the case of novolak phenol type epoxy resins 
and novolak cresol type epoxy resins, for Instance, It Is preferably within the range of 6 to 250, most preferably 10 to 
160 millimoles. per 100 grams of the solid resins in the resin compositfon. 

[00201 The propargyl group in the resin composition of the cationic electrodeposition coating composition of the 
present Inventton is improved In reactivity upon conversion to an allene bond by an electrolytically generated base in 
the electrodeposlted coating, and thus can constitute a curing system of the cationic electrodeposition coating com- 
position of the present Invention. Furthermore, for unknown reasons, the throwing power of the cationte eleclrodepo- 
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sition coating composition can be further improved when ttm propargyl group coexists with the sulfonium group. 
[0021] The propargyl group content in the resin composition contained of the cationic electrodeposition coating com- 
position ot the present invention is 10 to 495 millimoies per 100 grams of the solid resins in said resin composition on 
condition that the requirement relative to the total content of sulfonium and propargyl groups, which is to be mentioned 

5 later herein, Is satisfied. If ft is less than 1 0 Riillimoles per 1 00 grams, sufficient throwing power or curability cannot be 
obtained, if it is in excess of 495 millimoies per 100 grams, the hydration stability of the cationic electrodeposition 
coating composition in which said resin composition is used may adversely be affected. Said propargyl group content 
can be selected within a more preferred range, which depends on the resin skeleton employed. In the case of novolak 
phenol type epoxy resins and novolak cresol type epoxy resins, for instance, it is preferably within the range of 20 to 

10 395 millimoies per 1 00 grams of the solid resins in the resin composition. 

[0022] The resin, which constitute the skeleton of the resin composition in the cationic electrodeposition coating 
composition of the present inventton, is not particularly restricted but is preferably an epoxy resin. Suited foir use as 
the epoxy resin are those having at least two epoxy groups per molecule, more specifbally epibisepoxy resins, derh^- 
ath^es thereof as obtained by chain extension with a diol, a dicarboxylic acid, a diamine or the like; epoxidized polyb- 

f 5 utadiene; novolak phenol type polyepoxy resins; novolak cresol type potyepoxy resins; polygtycidyl acrylate; aliphatk: 
polyol or polyether polyol potyglycldyl ethers; polybasic carboxylic acid polyglycidyl esters; and like polyepoxy resins. 
Among them, novolak phenol type polyepoxy resins, novolak cresol type po^epoxy resins and polyglycidyl acrylate 
are preferred because they can easily be potyfunctionalized for curability improvement. Said epoxy resin may partly 
comprise a monoepoxy resin. 

20 [0023] The resin composition in the cationic electrodeposition coating composition of the present Invention comprises 
a resin the skeleton of which is the above epoxy resin. It has a number average molecular weight of 500 to 20,000. 
When the number average molecular weight is below 500, the coating efficiency of the cation electrodeposition coating 
is poor If it is above 20,000, no good coat can be formed on the surface of a substrate to be coated. Said number 
average molecular weight can be selected within a more prefen-ed range, which depends on the resin skeleton. In the 

25 case of novolak phenol type epoxy resins and novolak cresol type epoxy resins, for instance, it is preferably within the 
range of 700 to 5,000. 

[0024] The total content of the sulfonium and propargyl groups in the above resin composition Is not more than 500 
millimoies per 1 00 grams of the solid resins In the resin composition. If ft is In excess of 500 millimoies per 1 00 grams, 
no resin may be obtained in practice or the desired perfonnance 
30 characteristics may not be obtained in certain instances. Said total content of sulfonium and propargyl groups in the 
resin composition mentioned above can be selected within a morepreferred range, which depends on the resin skeleton 
employed. In the case of novolak phenol type epoxy resins and novolak cresol type epoxy resins, for instance, It is 
preferably within the range of not more than 400 millimoies. 

[0025] The propargyl groups in the resin composition In the cationic electrodeposition coating composition of the 

35 present invention may partly be in an acetylide fonm. The acetylrde is a salt-like metal compound with acetylene. The 
content of those propargyl groups occurring in the form of acetylide in the above resin composition is preferably 0.1 to 
40 millimoies per 100 grams of the solid resins in the resin composition. When it Is less than 0.1 millimole, the effect 
of the acetylide f onn cannot be fully produced, while it is difficult to attain an acetylide content exceeding 40 mllBmoles. 
Said content can be selected within a more preferred range which depends on the metal enr^loyed. 

40 [0026] In the case that some of propagyi groups are converted to an acetylfde-fonti, the metal In the acetylide-form 
propargyl group is not particularly restricted but may be any metal showing catalytic activity. As exanrtples, there may 
be mentioned transition metals such as copper, silver and barium and some of the elemental metals belonging to the 
period 4, 5 or 6 of group 3 of the periodic table. Among them, copper, silver and cerium are preferred because of their 
environmental friendliness and copper and cerium are more preferred in view of its readily availability. When copper 

45 or cerium Is used for converting the propargyl group to an acetylide form, the content of the propargyl group in acetylide 
fomi is more preferably 0.1 to 20 millimoies per 100 grams of the solid resins in the resin composition. 
[0027] By converting some of the propargyl groups in the resin composition in the cationic electrodeposition coating 
composition of the present invention to an acetylide fonn, it is possible to introduce a curing catalyst Into the resin. By 
doing so, It becomes generally unnecessary to directly add, to the coatings, an organte transition metal complex, hardly 

so soluble or dispersible in organic solvents or water. Since even atransition metal can easily be introduced, In an acetylide 
fomi. Into the resin, the transition metal can be freely used in the coating composition even when the con-esponding 
transition metal compound is a hardly soluble one. Furthermore, the occurrence of an organic acid anion in the eleo 
trodeposftion bath, as is found when a transition metal organic acid salt is used, can be avoided and, in addition, the 
problem that the metal ion is removed upon ultrafiltration Is no more caused. The bath control and cationic electrodepo- 

55 sition coating composition designing become easy. 

[0028] The resin composition in the cationic electrodeposition coating composition of the present invention may 
contain a carbon-cariDon double bond, if desirable. The carbon-carbon double bond is highly reactive and, therefore, 
can further improve the curability. 
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[0029] The content of said carbon-carbon double bond is preferably 1 0 to 485 mlllimoles per 1 00 grams of the solid 
resins In the resin composition on condition that the requirement relative to the propargyl group and carbon-carbon 
double bond content, which Is to be merrtloned later herein, Is satisfied. If It Is less than 1 0 mlllimoles per 1 00 grams, 
said bond cannot contribute toward attaining sufHcient curability. When it is in excess of 485 miliimoles per 100 grams, 
5 the stability of the hydrated form when said resin composition is used in a cationic electrodeposition coating composition 
may possibly be adversely affected. Said carbon-carbon double bond content can be selected within a more preferred 
range depending on the resin skeleton employed. In the case of novolak phenol type epoxy reins and novolak cresol 
type epoxy resins, for Instance, said content is preferably 20 to 375 mlllimoles per 1 00 granns of the solid resins In the 
resin composition. 

10 [0030] In cases where the resin composition contains the above carbon-carbon double bond, the total content of the 
above propargyl group and carbon-carbon double bond is preferably within the range of 80 to 450 miillmoies per 100 
grams of the solid resins in the resin composition. When it is less than 80 miliimoles. the curability may possibly be 
Insufficient. If It exceeds 450 miliimoles, the sulfonium group content must be reduced and, as a result, the throwing 
power may possibly become Insuffblent. The total content of the pmpargyl group and carbon-carbon double bond can 

15 be selected within a more preferred range depending on the resin skeleton employed. In the case of novolak phenol 
type epoxy resins and novolak cresol type epoxy resins, for Instance, said total content Is preferably 1 00 to 395 mllli- 
moles. 

[0031] Furthermore, in cases where the resin composition contains the above carbon-carbon double bond, the total 
content of the above suffonium group, propargyl group and carbon-carbon double bond Is preferably not more than 

20 500 miliimoles per 100 grams of the solid resins in the resin composition, tf IX exceeds 500 miliimoles, no resin may 
be obtained In practice or the desired perfomnance characteristics may not be obtained in certain instances. Said total 
content of sulfonium group, propargyl group and carbon-carbon double bond can be selected within a more preferred 
range depending on the resin skeleton employed. In the case of novolak phenol type epoxy resins and novolak cresol 
type epoxy resins, for instance, said total content Is preferably not more than 400 mlllimoles. 

25 [0032] The resin composition to be contained in the cationic electrodeposition coating composition of the present 
invention can judiciously be produced, for example, by the step (i) of reacting an epoxy resin having at least two epoxy 
groups per molecule with a compound having a propargyl group and a functional group capable of reacting with the 
epoxy group, to gh/e a propargyl group-containing epoxy resin composition and the step (li) of reacting the remaining 
epoxy group(s) In the propargyl group-containing epoxy resin composition obtained in step (I) with a sulf Ide/acld mixture 

30 to thereby Introduce a sulfonium group or groups into sard resin composition, 

[0033] Said compound having a propargyl group and a functional group capable of reacting with the epoxy group 
(hereinafter such compound Is referred to as "compound (A)") may have a propargyl group and a hydroxy or carboxyl 
group or like functional group capable of reacting with the epoxy group, and specifically includes propargyl alcohol, 
propargylic acki and the like. Among them, propargyl alcohol is prefen^ed because of its ready availability and ease of 

35 reaction. 

[0034] In cases where the resin composltk)n to be contained in the cationic electrodeposition coating composition 
of the present invention has a'carbon-carbon double bond as necessary, a compound having a carbon-carbon double 
bond and a functional group capable of reacting with the epoxy group (hereinafter such compound Is refen'ed to as 
"compound (B)") is used in combination with the above-mentioned compound (A) in the above step (i) . Said compound 

4a (B) may have, for example, a carbon-carbon double bond and a hydroxy or carboxyl group or like functional group 
capable of reacting with the epoxy group. Specifically, when the functional group capable of reacting with the epoxy 
group Is a hydroxy group, there may be mentioned 2-hydroxyethyl acrylate, 2-hydroxyethyt methacrylate, hydroxypropyl 
acrylate, hydroxypropyl methacryalte, hdyroxybutyl acrylate, hydroxybutyt methacryalte, allyl ateohol, methallyl alcohol 
and the like. When the functional group capable of reacting with the epoxy group Is a carboxyl group, mention may be 

45 made of acrylic acid, methacrylic acid, ethacrylio acid, crotonic acid, maleic acid, phthallc add, itaconlc acid; half esters 
such as maleic acid ethyl ester, fumaric acid ethyl ester, itaconlc acid ethyl ester, succinic acid mono(meth)acryloy- 
loxyethyt ester and phthalic acid mono (meth) acryloyloxyethyl ester; synthetrc unsaturated fatty acids such as olefc 
acid, linoiic acid and riclnolic acid; and natural unsaturated fatty acids such as linseed oil and soybean oil, among others. 
[0035] In the above step (i), said epoxy resin having at least two epoxy groups per molecule Is reacted with said 

so compound (A) to give a propargyl group-containing epoxy resin composition, or said epoxy resin is reacted with said 
compound (A) together with said compound (B), as necessary, to give a propargyl- and carbon-carbon double bond- 
containing epoxy resin composition. In the latter case, said compound (A) and compound (B) may be admixed before- 
hand and submitted to reaction in step (i) or said compound (A) and compound (B) may be separatedly submitted to 
reaction In said step. That functional group capable of reacting with the epoxy group which the compound (A) has may 

55 be ^e same as or different from that functional group capable of reacting with the epoxy group which the compound 
(B) has. 

[0036] In the above step (1), the proportions of compound (A) and compound (B). both to be submitted to reaction, 
may be selected so that the desired functional group contents, for instance the propargyl group and carbon-carbon 
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double bond contents specifically nnentloned hereinabove, may be obtained. 

[0037] The reaction in the above step (i) is generally carried out at room temperature or 80 to 140 'C for several 
hours. If necessary, a known component or components required for the reaction to proceed, for example a catalyst 
and/or a solvent, may be used. The completion of the reaction can be checked by measuring the epoxy equivalent, 

5 and the functional group(s) Introduced can be confinmed by subjecting the resin composition obtained to nonvolatile 
matter measurement and/or instrumental analysis. Generally, the thus*obtained reaction product is a mixture of epoxy 
resins having one or a plurality of propargyt groups or a mixture of epoxy resins having a propargyt group or groups 
and one or a plurality of carbon-carbon double bonds. In this sense, the above step (I) gives a propargyt group-con- 
taining, orpropargyl- and carbon-carbon double bond-containing resin composition. 

10 [0036] In the above step (ii), the remaining epoxy groups In the propargyl group-containing epoxy resin composition 
obtained in the above step (i) is reacted with a sulfide/acid mixture for the introduction of a sulfonium group. The 
sulfonium group introduction is canied out. for Instance, by the method comprising reacting the sulfide/acid mixture 
with the epqxy group for sulfide introduction and conversion to sulfonium or by the method comprising effecting sulfide 
introduction and further converting the sulfide introduced to a sulfonium using an acid or an alkyt halide. such as methyl 

IS fluoride, methyl chloride and methyl bromide, followed by anion exchange when necessary. From the viewpoint of 
ready availability of raw materials, the method which uses a sulfide/acid mixture is prefered. 
[0039] The sulfide mentioned above Is not particulariy restricted but includes, among others, aliphatic sulfides, 
aliphatic-aromatic mixed sulfides, aralkyi sulfides and cyclic sulfides. More specifically, there may be mentioned diethyl 
sulfide, dipropyl sulfide, dibutyl sulfkie, dihexyl sulfide, diphenyl sulfide, ethyl phenyl sulfide, tetramethylene sulfide, 

20 pentamethylene sulfide, thiodlethanol, thiodipropanol, thiodibutanol, 1-(2-hydn)xyethylthlo)-2-propanol, 1-(2-hydrox- 
yethylthio)-2-butanol, 1 -(2-hydroxyethylthio)-3-butoxy-1 -propanol and the like, 

[0040] The add mentioned above is not partk:uiar^ restricted but includes, among others, forniic acid, acetic acid, 
lactbacid, propionic acid, boric acid, butyric acid, dimethylolpropionic acid, hydrochloric acid, sulfuric acid, phosphoric 
acid, N-acetylglycine, N-acetyi-p-alanlne and the like. 
25 [0041] Generally, the mixing ratio between said sulfkie and said acid In the sulfide/acid mixture (sulfide/acid) is pref* 
erably about 1 00/60 to 100/1 00 by mole. 

[0042] The reaction in the above step (ii) can be carried out, for example, by mixing the propargyt group-containing 
epoxy resin composition obtained in the step (i) and a mixture of predetermined amounts of said sulfide and said acid 
sufficient to give the sulfonium group content mentioned above, for instance, with water in an amount 5 to 10 moles 

30 per mole of the sulfide used and then stirring generally at 50 to 90 *C for several hours. The end point of the reaction 
can be estimated by the fact that the reskiual acid value becomes 5 or less. The sulfonium group introduction Into the 
resin composition obtained can be confinned by potentiometric titration. In cases where sulfide introduction is followed 
by conversion to sulfonium, the process can be carried out in the same manner as mentioned above. By effecting 
sulfonium introduction after propargyl group introductbn, as mentioned above, the sulfonium group can be prevented 

35 from being decomposed upon heating. 

[0043] In cases where the propargyl groups possessed by the resin composition to be contained in the cationic 
electrodeposltion coating composition of the invention are partly converted to an acetylide iorm, the step of acetylidi- 
zation may comprise reacting the propargyl group-containing epoxy resin composition obtained in the above step (1) 
with a metal compound to thereby convert some of the propargyl groups in said epoxy resin composition to the corre- 

40 sponding acetylide form. Said metal compound is preferably a transition metal compound capable of acetylide fomnatlon 
and includes, among others, complexes and salts of transition metals such as copper, silver and barium. More specif- 
ically, there may be mentioned copper acetytacetonate, copper acetate, silver acetylacetonate, silver acetate, silver 
nitrate, barium acetylacetonate, barium acetate and the lilce. Among them, copper and silver compounds are prefenred 
from the viewpoint of environment-friendliness, and copper compounds are more prefen'ed from the viewpoint of ready 

45 availability. Thus, for instance, copper acetylacetonate is suited for use in view of ease of bath control. 

[0044] As for the reaction conditions, the conversion of some of the propargyl groups to an acetylide fomi is generally 
carried out at 40 to 70 'C for several hours* The progress of the reaction can be checked, for example, by coloration 
of the resin composition obtained or by nuclear magnetic resonance spectrometry, namely through disappearance of 
the methyne proton signal. The time point of the acetylide formation reaction at which conversion of a desired proportion 

50 of the propargyl groups to an acetylide form is attained is confirmed in that manner and, at that time point, the reaction 
istenninated. The reaction product obtained is generally a mixture of epoxy resins in whk:h one oraplurallty of propargyl 
groups are in an acetylide fomri. The thus-obtained epoxy resin composition having some of the propargyt gmups in 
an acetylide forni can be subjected to the above step (ii) for sulfonium introduction thereinto. 
[0045] The step of converting some of the propargyl groups In the epoxy resin composition to an acetylide fomi and 

55 the above step (ti) can be canied out simultaneously since common reaction conditions can be selected for both steps. 
When both steps are carried out simultaneously, the production process can advantageously be simplified. 
[0046] In this manner, a propargyl- and sulfonium group-containing and optionally cart)on-carbon double bond-con- 
taining resin composition optionally having some of the propargyl groups in an acetylide fomi can be produced while 
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preventing the sulfonium group(s) from being decomposecT. Although acetylrdes, when In a dry state, have exploslve- 
ness, the acetyildization reaction In the practice of the present Invention can be carried out in an aqueous medium to 
give the desired substance as an aqueous composition, so that no safety problems arise. 
[0047] The cationic electrodeposition coating composition of the present invention contains the above resin connpo- 

s sition. in the cationic electrodeposition coating composition of the present invention, the use of a curing agent is not 
aiways necessary, since said resin composition itself has curability. For further Improving the curability, howev r, a 
curing agent may be used. As such a curing agent, there may be mentioned, among others, compounds obtained by 
reacting a compound having a plurality of propargyl groups and/or carbon-carbon double bonds, such as poiyepoxides 
derived from novolatc phenol or the iil^e, or pentaerythritoi tetragtycidiyi ether, with a propargyl group-containing conv 

10 pound, such as propargyl alcohol, and/or a caribon-carbon double bond*containing compound, such as acrylic acid in 
the manner of addition reaction. 

[0048] In the cationic electrodeposition coating composition of the present invention, it is not always necessary to 
use a curing catalyst. In cases where it is necessary to further improve the curability depending on the curing reaction 
conditions, however, a transition metal compound or some other curing catalyst in general use may be added, when 

f5 necessary, in an appropriate amount. Such compounds are not particularly restricted but Include, among others, conv 
plexes or compounds resulting from binding of a ilgand. such as cydopentadiene and acetyiacetone, or a carboxylic 
acid, such as acetic acid, to a transition metal, such as nickel, cobalt, manganese, palladium and rhodium. Said curing 
catalyst is used preferably in an amount of 0.1 to 20 miliimoies per 100 grams of the solid resins in the cationic eteo- 
trodeposttion coating composition. 

20 [0049] An amine may be incorporated in the cationic electrodeposition coating composition of the present invention. 
The incorporation of an amine results in an increased rate of conversion of the sulfonium group to a sulfide fomn as a 
result of electrolytic reduction in the electrodeposition process. Said amine Is not partlculariy restricted but includes, 
among others, amine compounds, for example primary to tertiary, monofunctional or potyfunctional aliphatic amines, 
allcyclk: amines and aromatic amines. Among them, water-solubte or water-dispersible ones are prefen^ed and thus, 

25 for Instance, mention may be made of alicylamlnes containing 2 to 8 carbon atoms, such as monomethytamine. dimeth- 
ylamlne, trimethylamlne, triethylamlne, propylamine, dlisopropylamine and tributylamlne; monoethanolamlne, dleth- 
anolamlne, methylethanolamlne, dimethyiethanolamlne, cyclohexylamine, morphoiine, N-methylmorpholine, pyridine, 
pyrazlne, piperidine, imidazoline, imidazole and the like. These may be used singly or two or more of them may be 
used combtnedly. Among them, hydroxyamlnes, such as monoethanolamlne, diethanolamine and dimethyleth- 

30 anoiamine, are prefenred owing to their affording stable aqueous dispersions. 

[0050] Said amine can be directly Incorporated into the cationic electrodeposition coating composition of the present 
Invention. While, In the prior art cationic electrodeposition coating compositions of the neutralized amine type, the 
addition of a free arhine results in deprivation of the neutralizing acid in the resin, leading to a merited decrease in 
stability of the electrodeposition solution, such bath stability impaimient is never encountered in the practice of the 

35 present Invention. 

[0051] Said amine is added preferably in an amount of 0.3 to 25 meq (milliequlvalents) per 100 grams of the solid 
resins in the cationic electrodeposition coating composition. When it is less than 0.3 meq/1 00 grams, the effect on the 
throwing power cannot be sufficierit. At addition amounts above 25 meq/1 00 grams, any additional effect corresponding 
to the addition amount cannot be obtained and this Is uneconomical. An addition amount of 1 to 15 meq/1 00 grams Is 
40 more prefenred. 

[0052] It is also possible to Incorporate an aliphatic hydrocari?on group-containing resin composition In the cationic 
electrodeposition coaling composition of the present invention. By incorporating said aliphatic hydrocariaon group- 
containing resin composition, the coating films obtained are Improved in shocl^ resistance. As said aliphatic hydrocarbon 
group-containing resin composition, there may be mentioned those which contain 5 to 400 miliimoies of a sulfonium 

45 group. 80 to 135 miliimoies of an aliphatic hydrocari^on group containing 8 to 24 carbon atoms (and an optional un- 
saturated double bond in the chain thereof) , and 1 0 to 3 1 5 miliimoies of an unsaturated double bond-temninated organic 
group containing 3 to 7 carison atoms and/or a propargyl group, per 1 00 granris of the solid resins in the resin composition 
and which has a total content of said sulfonium group, an aliphatic hydrocarijon group containing 8 to 24 cariDon atoms 
(and an optional unsaturated double bond in the chain thereof) and unsaturated double bond-temninated organic group 

50 containing 3 to 7 cartson atoms and^or propargyl group of not more than 500 miliimoies per 100 grams of the solid 
resins in the resin composition. 

[0053] When such aliphatic hydrocarison group-containing resin composition is incorporated in the above cationic 
electrodeposition coating composition, it is preferred that the sulfonium group content is 5 to 400 millhioles, the content 
of the aliphatic hydrocarbon group containing 8 to 24 carbon atoms (and an optional unsaturated double bond in the 
55 chain thereof) is 1 0 to 300 miliimoies and the total content of the propargyl group and the unsaturated double bond- 
tenninated organic group containing 3 to 7 caribon atoms is 10 to 485 miliimoies, per 100 grams of the solid resins in 
the cationic electrodeposition coating composilSon, the total content of the sulfonium group, an aliphatic hydrocari^on 
group containing 8 to 24 cari3on atoms (and an optional unsaturated double bond in the chain thereof), propargyl group 
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and unsaturated double bond-terminated organic group containing 3 to 7 carbon atoms is not more than 500 miHImoles 
per 1 00 grams of the solid resins in the cationic electrodeposition coaling composition and the content of said aliphatic 
hydrocarbon group containing 8 to 24 carbon atoms (and an optional unsaturated double bond in the chain thereof) is 
3 to 30% by weight relath^e to the solid resins in the cationic electrodeposition coating composition, 
[0054J If, when an aliphatic hydrocarbon group-containing resin composition Is Incorporated In the above cationic 
electrodeposition coating composition, the sulfonlum group content is less then 5 millimoles per 100 grams, sufficient 
throwing power and/or curability cannot be attained and the hydratability and bath stability tends to become worse. If 
said content exceeds 400 millimoles per 100 grams, the coating deposition on the substrate surface becomes poor! If 
the content of the aliphatic hydrocarbon groups containing 8 to 24 carbon atoms (and an optional unsaturated double 
bond In the chain thereof) is less than 80 millimoles per 100 grams, the shock resistance cannot be improved to a 
satisfactory extent. If it exceeds 350 millimoles per 1 00 grams, the resin composition becomes difficult to handle. If the 
total content of the propargyi group and unsaturated double bond-terminated organic group containing 3 to 7 carbon 
atoms Is less than 1 0 millimoles per 1 00 grams, suffldent curability cannot be obtained even when another resin and^ 
or a curing agent is used In combination. If it Is above 315 millimoles per 1 00 grams, the shock resistance Is Improved 
only to an unsatisfactory extent. The total content of the sulfonlum group, an aliphatic hydrocarbon group containing 
8 to 24 carbon atoms (and an optional unsaturated double bond In the chain thereoO, propargyi group and unsaturated 
double bond-temiinated organic group containing 3 to 7 carbon atoms Is not more than 500 millimoles per 100 grams 
of the solid resins In the resin composition. If it exceeds 500 millimoles, no resin may be obtained in practice or the 
desired perf omiance characteristics may not be obtained in some instances. 

[00551 The cationic electrodeposition coating composition of the present Invention comprises said resin composition 
and said rust Inhibitor. The method of mixing said resin composition with said rust inhibitor is not particularly restricted 
but may for example comprise dispersing said rust Inhibitor in a pigment-dispersing resin to prepare a dispersion paste 
In the first place and mixing this paste with said resin composition. The above pigment-dispersing resin is employed 
for a dual purpose, namely dispersing said rust inhibitor unifomily in said resin composition and maintaining the resulting 
mixture stably dispersed in the resultant cationic electrodeposition coating composition. The pigment-dispersing resin 
is not particularly restricted but any of those pigment-dispersing resins in routine use for the purpose can be employed. 
Pigment-dispersing resins containing both a sulfonlum group and an unsaturated bond per molecule can also be uti- 
lized. Such a pigment-dispersing resin containing both a sulfonlum group and an unsaturated bond per molecule can 
be obtained by reacting a sulfide compound with a hydrophobic epoxy resin obtainable by the reaction of a bisphenol 
type epoxy resin with a half-blocl<ed isocyanate or reacting a sulfide compound with said resin in the presence of a 
monobasic acid and a hydroxyl group-containing dibasic acid, among other methods. 

[0056] The cationic electrodeposition coating composition of the present Invention may contain a further component 
or components commonly used in cationic electrodeposition coating compositions In general, if necessary. Said further 
components are not particularly restricted but Include, among others, such coating additives as color pigments, pig- 
ment-dispersing resins, surfactants, antioxidants and ultraviolet absorijers. 

[00571 Said color pigments are not particularly restricted but include, among others, those used in cationk: elec^ 
trodeposition coating compositions in general, such as titanium dioxide, carbon black, iron oxide red and like color 
pigments; kaolin, clay, talc and like extenders. In cases where such a color pigment is used in the cationic electrodepo- 
sition coating composition of the present invention, the total amount of said color pigment and said rust Inhibitor is 
preferably not more than 50% by weight relathre to the solid resins In the cationic electrodeposition coating composition 
As the method of mixing said color pigment with said resin composition, the same techniques as mentioned for Incor- 
poration of said mst inhibitor can be mentioned. 

[0058] The cationic electrodeposition coating composition of the present invention can be prepared, for example by 
admixing the above resin composition with the ingredients mentioned above as necessary, followed by effecting dis- 
solution or dispersion in water When said composition Is to be used for cationic electrodeposition coating, adjustment 
IS preferably made so that a bath liquid with a nonvolatile matter content of 10 to 30% may be obtained. It Is also 
prefen-ed that the propargyi group, carbon-carbon double bond and sulfonlum group contents are adjusted without 
departing from the respective ranges specified above in relation to the resin composition. 
[0059] The cationic electrodeposition coating composition according to present invention is preferably adjusted so 
that the curing temperature therefor may be within the range of 1 30 »C to 220 'C. if the curing temperature is tower 
than 130 *C, the smoothness of the multi-iayer coating films obtained by subjecting a coating film obtained by using 
the cationic electrodeposition coating composition of the present Invention to a further coating procedure may possibly 
be deteriorated. If the curing temperature Is above 220 such multi-layer coating films may have poor film properties 
due to decreased curability or the multi-layer coating films resulting from further application of a top coating to said 
multi-layer coating films may have the problem of color difference. 

[0060] The substrate to be coated, to be subjected to electrodeposition coating using the cationk: eiectrodeposiUon 
coating composition of the present invention Is not partfcularly restricted but may be any one having electroconducllvlty. 
for example, a panel, for example, Iron, steel or aluminum, a surface-treated version thereof, or a molding thereof. 
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[0061 J Said electrodeposltion coating is carried out by immersing the substrate, which is to serve as a cathode, in a 
bath comprising the cationic electrodeposition coating composition and applying a voltage generally of 50 to 460 V 
between said cathode and an anode. If the voltage applied is lower than 50 V, the electrodeposltion will be Insufficient 
If It exceeds 450 V, the power consumption will become uneconomlcally excessh/e. When the composition of the present 
Invention Is used and a voltage within the above range is applied, a unifomi coating film can be formed alt over the 
substrate without an abrupt increase in coating thickness in the process of electrodeposition. When the above voltage 
is applied, it is generally prefen-ed that the cationic eiectrodeposition coating composition bath temperature is 10 to 46 
•C. The period for voltage appilcation may be selected generally within the range of 2 to 4 minutes although It may 
vary depending on the eiectrodeposition conditions. 

[0062J i n the above electrodeposltion coating process, a voltage can be further applied to the coating deposited upon 
application of a voltage between the substrate, which Is the cathode, and the anode, to thereby increase the electric 
resistance per unit volume of said coating. 

[0063J After completion of the electrodeposition process, the thus-obtained electrodeposited coating is cured, either 
as such or after washing with water, by balcing at 120 to 260 'C, preferably 160 to 220 'C, for 10 to 30 minutes to 
complete the electrodeposition coating process. It is also possible to adopt the two-coat one-bake technique which 
comprises forming an uncured Intermediate coating film on the electrodeposited coating obtained In the above manner 
by applying an intermediate coating, which Is to be mentioned later herein, without curing said electrodeposited coating, 
In the so-called wet-on-wet manner, and heating both the uncured coating films simultaneously to gwe a multi-layer 
coating film. 

[00641 't is preferred that the cured electrodeposited coating film formed by using the cationic electrodeposltion 
coating composition of the present invention have a thickness of 1 0 to 25 ^im. If it Is less than 1 0 jim, the rust resistance 
will be insufficient, if it exceeds 25 ^im. the extra amount of the coating may mean a waste of material. 
[0065] The substrate having a cured coating film formed from the cationic electrodeposition coating composition of 
the present Invention can further be provided with an Intermediate coat and/or a top coat required for the intended use. 
[0066] Thus, when the substrate is an automotive shell plate, for instance, an intermediate coating of the heat-curing 
type Is generally used which comprises a binder and a curing agent and meets those performance characteristfcs 
requirements imposed on the Intemiediate coating for automobiles with respect to adhesiveness, smoothness, sharp 
reflectiveness, overbaking resistance and weathering resistance, among others. As said binder, there may be men- 
tioned, among others, aciylic resins, polyester resins, alkyd resins and epoxy resins. Said curing agent may be selected 
•from among a variety of species, such as amino resins, blocked isocyanate compounds, aliphatic polybasic carboxylic 
acids and anhydrides thereof, epoxy resins and so forth, according to the curing functional group(s) in said binder. The 
above Intemiediate coating may take various forms such as the solvent-based, water-based or water-dispersion type, 
or the powder form. 

[0067] On the other hand, the top coating to be used Is preferably genenally used as a top coating for automobiles 
and capable of giving a top coat excellent in such properties as finished appearance (sharp reflecUveness, smoothness, 
gloss, etc.), weathering resistance (gbss retention, color retention, chalking resistance, etc.), chemical resistance! 
water resistance, moisture resistance and curability. As such, there may be mentioned solid color coatings used as 
one-coat solids as well as base coatings and clear coatings capable of being applied by the two-coat one-bake coating 
technique. These top coatings preferably are of the heat-curing type and contain a binder and a curing agent. Those 
binders and curing agents specifically mentioned hereinabove in relation to the intemiediate coatings may be used 
also as said binder and curing agent in the top coatings. The above-mentioned solid color coatings contain one or 
more of inorgank? or organic color pigments well known in the art. such as cartjon black, phthalocyanine blue and 
titanium dioxide. Said base coatings may contain a well-known luster cotar pigment, such as flaky aluminum or flaky 
mica, In addition to the above-mentioned Inorganic or organic color pigments. The clear coatings mentioned above, 
on the other hand, essentially contain no pigment. They may, however, contain such color pigments and/or luster color 
pigments in amounts not impairing the transparency thereof. These top coatings may be of the water-based, solvent- 
based or powder type. From the environmental protection viewpoint, however, they are preferably of the water-based 
or powder type. The water-based fonm can be obtained, for example by neutralizing the carboxyl groups of the binder 
with an amine to provide solubility In water, while the powder fomi can be obtained by adjusting the glass transition 
temperature to a level higher than room temperature. 

[0068] The above intermediate coatings and top coatings may contain one ormore of extenders, curing accelerators, 
leveling agents, ultraviolet absortDers, light stabilizers, and other additives. When the rust inhibitor to be contained iri 
the cationic electrodeposition coating composition of the present invention is Incorporated also In the Intermediate 
coating in an amount of 2 to 30% by weight on the solid basis, the corrosion resistance and rust preventing property 
can further be Improved. 

[0069] Said Intermediate coatings and said top coatings can be applied by a method well known In the art as selected 
depending on the fonm of the coating. Thus, for instance, spray coating, bmshing, dipping or electrostatic coating can 
be employed. In the coating step in an automotive body production line, In particular, the electrostatic coating method 
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is preferably employed. As regards the coating thicknesses of said intennediate coatings and said top coatings as well 
as the heating conditions to be employed after application, appropriate values and conditions can be selected according 
to the respective coating composition species. 

[0070] Mutti-tayer coating films can be obtained by providing a coating obtained from the cationic etectrodeposition 
5 coating composition of the present Invention with an Intennediate cdat layer and a top coat layer 

[0071] Since the cationic electrodeposition coating composition of the present invention contains a rust Inhibitor 
comprising at least one conrtpound selected from the group consisting of compounds containing any of elemental metals 
belonging to the period 4, 5 or 6 of group 3 of the periodic table and a sulfonlum-and propargyi group-containing resin 
composition and is excellent in resistance to con'oslon and rusting, the coating film obtained therefrom is free from a 
10 toxic rust inhibitor such as lead compound and can minimize the environmental pollutbn. 

[0072] As the reasons why high resistance to con-osion and rusting can be obtained without using any lead compound, 
there may be mentioned not only the addition of the rust inhibitor mentioned above but also the fact that the resin 
composition in the cationic electrodeposition coating composition of the present invention is by itself excellent in re- 
sistance to com)sion and rusting. The high resistance to con^osion and rusting of this resin composition is presumably 
IS ascribable to the excellent throwing power of said composition which allows a uniform film formation all over the sub- 
strate surface and/or to the sulfonlum and propargyi groups in said resin composition which contribute to Improved 
corrosion resistance and rust preventing property in some way or other. 

[0073] Therefore, even when the substrate Is thoroughly not subjected to a chemical conversion, the use of the 
cationic electrodeposition coating composition enables fonmatlon of a highly con-osion-resistant, rust-preventing coat- 
20 ing film on the substrate surface. 

[0074] In the cationic electrodeposition coating compositions of the present invention, a curing system based on 
addition polymerization, which is different from the conventional blociced isocyanate-based curing system, Is employed, 
hence the curability is not so much influenced by the presence of a lead compound. Therefore, even when the system 
is deprived of the lead compound, it Is not necessary to Increase the amount of the metal catalyst. 

25 

EXAMPLES 

[0075] The following examples illustrate the present invention in further detail. They are, however, by no means 
limitative of the scope of the present invention. 

30 

Production Example 

Production of a sulfonlum- and propargyi group-containing epoxy resin composition 

39 [0076] A separable flask equipped with a stlnner, thermometer, nitrogen inlet tube and reflux condenser was charged 
with 100.0 weight parts of Epo Tohlo YDCN-701 (cresol novolak type epoxy resin: product of Tohto Kasei) with an 
epoxy equivalent of 200.4, 23.6 weight parts of propargyi alcohol and 0.3 weight part of dimethylbenzylamine, the 
temperature was raised to 105 '^C, and the reaction was allowed to proceed for 3 hours, to give a propargyi group- 
containing resin composition with an epoxy equivalent of 1580. To this were added 2.5 weight parts of .copper acety- 

40 lacetonate, and the reaction was allowed to proceed at 90 for 1 .5 hours. Partial disappearance of the tenminal 
hydrogen of the propargyi group as a result of addition was confirmed by proton (1 H) NMR (the content of the acetylide- 
fonm propargyi corresponding to 14 mlllimoles per 100 grams of the solid resins). Thereto were added 10.6 weight 
parts of 1-(2-hydroxyethylthio)-2,3-propanediol, 4.7 weight parts of glacial acetic acid and 7.0 weight parts of delonlzed 
water, and the reaction was allowed to proceed while maintaining the temperature at 75 for 6 hours. Then, after 

45 confinming that the residual acid value was not more than 5, 43.8 weight parts of deionized water were added, to gwe 
a solution of the desired resin composition in solution fomi. This had a solid content of 70.0% by weight, a sulfonlum 
value of 28.0 mlllinK)les per 100 granns of the varnish. The number average molecular weight (GCP expressed in terms 
of polystyrene equivalent) was 2443. 

so Example 1 

Cationic electrodeposition coating composition 1 

[0077] To 1 43 weight parts of the epoxy resin composition obtained in Production Example (solids concentration: 70 
S5 wt. %) were added 625.8 weight parts of deionized water and 1 .2 weight parts of cerium acetate, and, after 1 hour of 
stirring using a high-speed rotary mixer, deionized water was further added to thereby adjust the solid concentration 
of the aqueous solution to 15% by weight. Thus was obtained a cationic electrodeposition coating composition 1 con- 
taining 0.5 weight part of cerium acetate in terms of the elemental metal based on 1 00 weight parts of the solid resins 
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In the corr^osition. 
Example 2 

Catlonic electrodeposition coating composition 2 

[0076] Catlonic electrodeposition coating composition 2 was prepared in the same manner as in Example 1 except 
that neodymlum acetate In lieu of cerium acetate was used In a proportion of 0.5 weight part In terms of elemental 
neodymium per 1 00 weight parts of the solid resins In the composition. 

Examples 3 to 9 

Catlonic electrodeposition coating compositions 3 to 9 

[00791 Except that europium acetate, holmlum acetate, ytterbium acetate, yttrium acetate, yttrium amidosulfate, neo- 
dymlum amidosulfate or samarium sulfate was used In lieu of cerium acetate and that each of these metal-contalning 
organic or Inorganic compounds was formulated in an amount of 0.5 weight part, In tenrts of elemental metal, based 
on 1 00 weight parts of the coating solids, the procedure of Example 1 was repeated to prepare catlonic electrodeposition 
coating compositions 3 to 9, respectively. 

Comparative Example 1 

Catlonic electrodeposition coating composition 10 

[00801 Except that the rust Inhibitor was omitted from the fomiulatlon of Example 1 . the procedure of Example 1 was 
repeated to give a rust inhibitor-free catlonic electrodeposition coating composition 1 0. 

Comparative Example 2 

Catlonic electrodeposition coating composition 11 

[00811 Except that lead acetate was used In lieu of cerium acetate and this lead acetate was fomiulated In an amount 
of 0.5 weight part, In terms of elemental metal, based on 100 weight parts of the coating solids, the procedure of 
Example 1 was repeated to give a catlonic electrodeposition coating composition 11 . 

<Evaluation test> 

[00821 The catlonic electrodeposition coating compositions 1 to 11 obtained in Examples 1 to 9 and Comparative 
Examples 1 and 2 were each transferred to a stainless steel tank and used as an electrodeposition bath. A cold-rolled 
steel panel note provided with a chemical conversion film (degreased with Surf Cleaner, Nippon Paint) and a steel 
panel provided with a chemical conversion film (degreased with Surf Cleaner and treated with Nippon Painf s zinc 
phosphate-based treating agent Surfdyne SD-5000) were each immersed In said bath as the substrate-cathode, and 
electrodeposition coating was carried out to a dry film thickness of 1 5 jim. The coated panel was then taken out of the 
electrodeposition bath, washed with water and heated In a drying oven maintained at 1 80 •C for 30 minutes to gh/e a 
catlonteally electrodeposited coating film. 

Smoothness of film 

[00831 The appearance of the coated surface of each product steel panel was macroscopically evaluated. The eval- 
uation criteria used are as follows. The results are shown In Table 1 . 

Q Good 

A: Slightly poor 

X : Poor 

Rust preventing property 

[0084] On the coated side of each test steel panel, a crosscut reaching the base metal was made with a cutter knife 
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and a salt spray test (5 wt. % NaC)/H20, 35 ''C) was perfonned for 240 hours for the steel panel not provided with a 
chemical film or 480 hours for the steel panel provided with a chemical film. The blistering of the coated surface as a 
whole was macroscopioally evaluated. In addition, the coat around the cut was peeled off with an adhesive tape and 
the maximum peel distance from the cut was measured and evaluated. The evaluation criteria used are shown below. 
5 The results are shown in Table 1 . 
[0085] Blister 

O: Minimal 
A: Slight 
10 X : Severe 

[0086] Peel 

0: <2mm 

19 A: S2mm, <4mm 
X : 2 4 mm 

Con^osion resistance 

20 [0087] On the coated side of each test steel panel, a crosscut reaching the base metal was made with a cutter knife 
and a salt Immersion test (5 wt. % NaCI/H20, 55 ''C) was pertomned for 1 20 hours for the steel panel not provided with 
a chemical film or 240 hours for the steel panel provided with a chemical film. The blistering of the coated surface as 
a whole was macroscopically evaluated. In addition, the coat around the cut was peeled off with an adhesive tape and 
the maximum peel distance from the cut was measured and evaluated. The evaluation criteria used are shown below. 

25 The results are shown in Table 1 . 
[0088] Blister 

O. Minimal 
A: Slight 
30 X : Severe 

[0089] Peel 

O. < 2 mm 
35 A: ^ 2 mm, < 4 mm 
x: >4mm 

Environmental compatibility 

40 [0090] It was Investigated whether the test panels contains hamnful metals. 

O. No hannful metal 
X : Some hannful metal 

45 



so 



55 
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[0091] It can be seen that the cationic coating film obtained from a cationic electrodeposillon coating composition 
comprising at least one rust inhibitor compound selectedtrom the group of compounds containing any of metal elements 
belonging to the period 4, 5 or 6 of group 3 of the periodic table and a sulfonlum- and propargyl group-containing resin 
composition Is not only excellent In corrosion resistance and rust preventing property but also has a good appearance. 



Claims 

1 . A cationic eleclrodeposition coating composition 

which comprises a rust inhibitor comprising at least one compound selected from the group consisting of 
compounds containing any of elemental metals belonging to the period 4, 5 or 6 of group 3 of the periodic table 
and a suifonium- and propargyl group-containing resin composition. 

2. The cationic electrodepositlon coating composition according to Claim 1 , 

wherein the content of said rust inhibitor is 0.03 to 10 weight parts In terms of said elemental metal In the 
rust inhibitor based on 1 00 weight parts of the solid resins in said resin composition. 

3. The cationic electrodepositlon coating composition according to Claim 1 or 2, 

wherein sard resin composition has a suifonium group content of 5 to 400 millimoles and a propargyl group 
content of 10 to 495 milfimoles per 100 grams of the solid resins in said resin composition, and 
the sum total of the suifonium and propargyl group contents Is not more than 500 millimoles per 100 grams 
of the solid resins In said resin composition. 

4. The cationic eleclrodeposition coating composition according to any of Claims 1 to 3, 

wherein said resin composition has a suifonium group content of 5 to 250 millimoles and a propargyl group 
content of 20 to 396 millimoles per 100 grams of the solid resins in said resin composition, and 
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the sum total of the sulfonium and propargyl grouptcontents is not more than 400 mllllmoles per 100 
of said solid resins in said resin composition. 

The cationic electrodeposition coating composition according to any of Claims 1 to 4, 
wherein said resin composition comprises an epoxy resin as a siceleton thereof. 

The cationic electrodeposition coating composition according to Claim 5, 

wherein said epoxy resin is a novolal< cresol type epoxy resin or novoiak phenol type epoxy resin 
and has a number average molecular weight of 700 to 5, 000. 



BEST AVAILABLE COPY 



EP 1125 989 A1 



EuropMn Pat»ni 
Offic* 



EUROPEAN SEARCH REPORT 



AppUcMlonNumbvr 

EP 01 40 0392 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of documani wAh mdicalfon, where appropriate. 



Relevant 
to datm 



CLASSIFICATION OF THE 
APPLICATION (im.Cl.7) 



Y 

A 

Y 



EP 0 974 623 A (NIPPON PAINT CO LTD) 
26 January 2000 (2000-01-26) 

* paragraph '0061!; claims 1-ld * 

EP 0 696 624 A (NIPPON PAINT CO LTD) 
14 February 1996 (1996-02-14) 

* page 2, line 39-44 * 

* page 3, line 8-12; cla1n 4 * 

EP 0 974 624 A (NIPPON PAINT CO LTD) 
26 January 2000 (2000-01-26) 

* paragraphs *0013!/0055!; claims 1-4 * 

EP 0 974 625 A (NIPPON PAINT CO LTD) 
26 January 2000 (2000-01-26) 

* paragraphs '00221/0048!; claims 1-B * 



The present aearch report has t>een drawn up for all claims 



1 

3-6 
1 

3-6 

3-5 



C09D5/44 
C09D5/08 



nCHWCAL nELDS 

(tnt.CI.7) 



C09D 



Ptaovcf naich 

THE HAGUE 



Dito of edmpMat d lh» SMfch 

14 Nay 2001 . 



Examinsr 

Miller. A 



CATEGORY OF CITED DOCUMENTS 

X : paiticulBrly ntovam if taken alone 
Y : particiiMy NiMMA tf oorobined with uwlher 
docuRMii 41 Um tame cBleQaiy 

A ^j^,^— nlj^lnjt ^ - • 
. IBUIINJWyKV D 

O' nott-wrtUMcfe 



T : theory or principle underlying tlw invention 
E : eailier patent document, but puMbhed Oit, or 

an»r the rang data 
D:doeumert ctedin PieappllQalkin 
L : document ctod tor ottnr reasons 

& : irantter ot Uie same poieni tamll/, corresponding 



BEST AVAILABLE COPY 



EP 1 125 989 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 01 40 0392 



This annex Osis the patent temDy memkMrerelaHng to the patent documents dted in the above-mentioned European search reoort 
The members are as oomalned in tie European PaimtOfficaEDPfne on 

The European Paism OfRoe is in no way NaMe Itir these particulars which are merely given for me purpose of mtDrmatton. 

14-05-2001 



Patent document 




PuMtcfltlfln 




Patent family 


Publlcatkm 
date 


dted in search report 




date 




membBr(3) 


EP 0974623 


A 




JP 2000038525 A 


uo-OZ-2000 








JP 2000038526 A 


08-02-2000 








US 


6218481 B 


17-04-2001 


EP 0696624 


A 


14-02-1996 


JP 


8053637 A 


27-02-1996 








JP 


8053638 A 


27-02-1996 








CN 


1120566 A 


17-04-1996 








D£ 


69500323 D 


03-07-1997 








DE 


69500323 T 


22-01-1998 








KR 


168710 B 


15-01-1999 








US 


5587059 A 


24-12-1996 


EP 0974624 


A 


26-01-2000 


JP 2000038527 A 


08-02-2000 


EP 0974625 


A 


26-01-2000 


JP 2000038528 A 


08-02-2000 








JP 


2000038697 A 


08-02-2000 








US 


6183616 B 


06-02-2001 



8 

S For more details aboul this annex : see Official Journal of the E uropean Patent OfBoe. No. 12/82 



BEST AVAILABLE COPY 



